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Director, Electronics and Control Division (Code RET) 
Office of Advanced Research and Technology 
National Aeronautics and Space Administration - 

Washington, D. C. 

Attention: Mr. Roland Chase 

Reference : Contract NASw 888 M5d-5‘QF 

C J e  I 

Subject : Development of Macroscopic Optical Waveguide 
Components - Progress 1964 APRIL. 

Gentlemen: 

This is the third progress report on the development of 
macroscopic waveguide components for optical systems being per- 
formed for the National Aeronautics and Space Administration (NASA) 
by Wheeler Laboratories (WL) under contract NASw 8880 This report 
covers the month of April 1964. The overall objectives of the cur- 
rent contract, to be completed by 1964 NOV 28 as described in Ref. l, 
are: to determine the factors affecting the design and fabri- 
cation of macroscopic waveguide and waveguide components, (2) to 
investigate specific configurations in order to develop practical 
concepts for component design, and (3) to undertake actual compon- 
ent fabrication and testing to prove the feasibility of the design 
concepts. 

(1) 

Work Performed During Current Month. 

The initial phase of this pro ram, to be completed 1964 
71) an analysis of propa- MAY 2 8 ,  involves the following tasks: 

gation in dielectric waveguides, ( 2 )  
and fabrication techniques required for construction of optical 
components, ( 3 )  experimental testing of the waveguides considered 
suitable for component fabrication. During this month effort has 
continued on the above tasks and has been directed to the prepara- 
tion of an interim technical report, 

a survey and study of material 
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A ,  Analysis of Propagation I n  D i e l e c t r i c  Waveguides. 

The a n a l y s i s  of t h e  waveguide theory has been completed 
and i s  c u r r e n t l y  being put  i n t o  a form s u i t a b l e  f o r  the i n t e r i m  
r e p o r t .  In  a d d i t i o n  t o  t h e  top ic s  repor ted  Rreviously the  follow- 
i n g  t o p i c s  have been s tud ied .  A "mode c h a r t  f o r  c i r c u l a r  d i e l e c -  
t r i c  waveguide has been prepared. 
a t  a f e w  t y p i c a l  opera t ing  condi t ions have been prepared f o r  
s e v e r a l  low order  modes of t h e  s l a b  waveguide t o  determine r e l a t i v e  
phase v e l o c i t i e s  f o r  t h e s e  modes. Graphs of the f i e l d  amplitudes 
f o r  s e v e r a l  modes have been p l o t t e d  f o r  both c i r c u l a r  and s l a b  
conf igura t ions ,  These graphs i n d i c a t e  t h a t ,  when both the c o r e  
ana cladding f i e l d s  are considerea t h e  o v e r a l l  f i e l d  shapes 
approximate gaussian curves ( exp-a2x2) . 
e f f i c i e n c y  have been evaluated assuming gaussian d i s t r i b u t i o n s  
for the  e x c i t i n g  and waveguide f i e l d s .  

Curves of guide wavelength 

Formulas f o r  e x c i t a t i o n  

B. Survey and Study of Waveguide Construction. 

As repor ted  previously,  t h e  siuciy of waveguide con- 
s t r u c t i o n  has been d i v i d e d  i n t o  three par ts :  (1) conf igura t ions ,  
( 2 )  f a b r i c a t i o n  techniques,  and ( 3 )  materials. During A p r i l  
primary e f f o r t  has been concerned w i t h  new configurat ions.  
Severa l  types  have been s tudied  and materials are  being procured. 
These types  inc lude  b i sec t ed  guides, with one metal wall, and 
so l id-core  slab and c i r c u l a r  guides. An aluminum deposi ted wave- 
guide p l a t e  has been received f o r  the b i sec t ed  guide. 

C. Experimental Testing. 

Durlng A p r i l ,  emphasis has been placed on experiments 
t o  demonstrate the f e a s i b i l i t y  of the  waveguide opera t ion .  The 
o b j e c t i v e  of these tests i s  t o  compare experimental  ope ra t ion  
w i t h  t h e  t h e o r e t i c a l  ca l cu la t ions ,  S u f f i c i e n t l y  c lose  agreement 
between theory and measurement has been obtained w i t h  t h e  s l a b  
conf igura t ion  t o  i n d i c a t e  operat ion as Intended; however some 
problem areas have been ind ica ted  a s  descr ibed below. 

The measurements have included tests t o  determine the 
r e l a t i o n  between the number of modes which may be exc i t ed  as a 
func t ion  of the spacing and d i f f e rence  i n  d i e l e c t r i c  cons t an t s  
between the core and t h e  cladding. Good agreement w i t h  ca lcu la-  
t i o n s  has been obtained and the  r equ i r ed  d i f f e r e n c e  i n  d i e l e c t r i c  
cons tan t  f o r  single mode operat ion has been ind ica t ed ,  

In  add i t ion ,  measurements have been made of the  d e t a i l e d  
shape o f  the t r ansve r se  f i e l d s  i n  the waveguide and c lose  agree- 
ment w i t h  t h e  theory has been obtained. A measured and ca l cu la t ed  
a p e r t u r e  f i e l d  p a t t e r n  f o r  single mode ope ra t ion  i s  shown i n  Fig. 1 
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on a logarithmic scale (in decibels). The calculated field has 
a cosine shape within the core and an exponential shape in the 
cladding. On the logarithmic scale, the exponential shape in 
the cladding is a straight line, This straight-line variation 
is clearly indicated in the region of the cladding for the 
measured curve. 

Characteristics of the radiation from the waveguide 
aperture were measured. The dual-lobe patterns expected from 
higher modes were observed and beam angles were correlated with 
the theory. Some problems f o r  low-mode patterns were encountered 
in that spurious radiation from the cladding obscured the meas- 
urement of the desired patterns. The problem of suppressing 
spurious radiation in the cladding region is being studied. 

At the end of the reporting period, a new waveguide 
test fixture, which will hold guides up to six inches long, was 
completed. Glass flats for this guide are being fabricated. 

The interim technical report to cover the first four 
months of the contract period (Jan. 28 to May 28, 1964) is being 
prepared. Sections of the draft have been completed during this 
report period. 

E. Conferences. 

On April 21 M r .  R. Chase and Dr. H. Plotkin of NASA 
visited Wheeler Laboratories at Smithtown, N. Y. A brief in- 
spection of the antenna facilities was made and the microwave 
background was reviewed, In connection with the optical waveguide 
work, the laser research program at WL and the current waveguide 
program were reviewed. A demonstration was presented of both 
single- and multimode operation of a slab waveguide. 

Work Planned for Next Month, 

The general results of the work performed during May will 
be included in the interim technical report; it is planned to cover 
the detailed work in May and June in the next progress letter to 
be initiated on Ju ly  1, 1964. The general topics to be covered 
during this period include the following. 

(1) An experimental evaluation will be made of a bisected-slab 
waveguide configuration, a solid-core s l a b  configuration, 
and a solid-core circular configuration. 

The pattern range for measurements of radiation is to 
be modified to automatically record aperture field and 
radiation patterns. 

( 2 )  

( 3 )  The tests will include accurate measurement of higher mode 
patterns, some of which are needed f o r  component design. 
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( 4 )  T e s t s  will be performed in the newly constructed waveguide 
box. This fixture will permit the testing of longer wave- 
guide samples and waveguide components and will permit 
greater precision of location and adjustment of assemblies. 

The interim report is planned to be completed. 

A review of the work to date and a study of components is 
to be made to select a component for fabrication. The de- 
sign of the component is to be initiated. 

(5) 

(6) 

Personnel 

The work on this project has been carried on by E. R. 
Schineller, D, W. Wilmot and H. M. Heinemann under the direct 
supervision of H. W. Redlien, Advice and general direction has 
been provided by H. A, Wheeler and F, H. Williams. 
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Very truly yours, 

L m # & L d u  
Henry W. Redlien 
Project Supervisor 

Enc. Fig,  1 

cc: Roland Chase (24 + 1T)  
New Technology Representative Code ( A m )  (1) 
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